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Rackcround of the Invention 

^^^^^^^ 
, ^^v;r^«! for ion chromatography. They are uscu 
as adsorbents, and as suppressor devices tor ion 

• «^ fiiPl cells for the production of electncity. 
and they are also used in batteries and fuel cells tor tn p 
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such membranes be easily manufactured at low cost without the use of hazardous substances. 
Furthermore, ideal membranes should be easy to handle and process and should also be amenable 
to low cost assembly techniques during the production of devices containing such membranes. 

Current commercially availableion exchange membranesareprimarilyoftwogeneral types: 

homogeneous membranes and heterogeneous membranes. A homogeneous membrane is one in 
which the entire volume of the membrane (excluding any support material that may be used to 
improve strength) is made from the reactive polymer. Examples include membranes made of 
sulfonated or aminated styrene-divinylbenzene polymers (SDVB membranes), polymerized 
perfluorosulfonicacids(PFSOmembranes)orvarious thermoplastics with active groups graftedonto 

the base polymer. 

Unfortunately, homogeneous membranes tend to be difficult to manufacture. They also tend 
to employ the use of hazardous materials during their manufacturing process since, for the most part, 
they must be made from base monomers. Additionally, they are difficult to modify chemically 
because each modification requires a change in the fimdamental chemistry of the membrane. 

Homogeneous membranes also tend to have limited physical strength (therefore often 
requiring a screen or cloth support) because the polymer produced cannot readily combine both the 
required physical and electrochemical properties to operate efficiently in a fabricated device. 
Homogeneous membranes may be either crosshnked (to provide the membrane with dimensional 
stability, but increased brittleness and sensitivity upon drying), or they may be non-crosslinked (to 
provide membranes which may be dried, but lack dimensional stability and resistance to swelling 
and various solvents). 
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In contrast, heterogeneous membranes are formed of 1) a composite containing an ion 
exchange resin to impart electrochemical properties and 2) a binder to impart physical strength and 
integrity. Typical heterogeneous membranes may be produced as "micro-heterogeneous" membranes 
by the paste method (in which ion exchange resin monomers are reacted to form the ultimate ion 
exchange resin polymer in the presence of a finely-ground inert binder polymer), or in the 
alternative, as "macro-heterogeneous" membranes by the physical blending of pre-polymerized ion 

exchange resin and binder. 

Present macro-heterogeneous membranes tend to have inferior electrochemical properties 
as compared to micro-heterogeneous membranes, but they do offer a number of advantages as 
compared to membranes of the micro-heterogeneous variety. In particular, macro-heterogeneous 
membranes are easy to manufacture and can be readily chemically modified since, within limits, the 
binder and resin types and content can be varied without significantly modifying the manufacturing 
process. Notably, with micro-heterogeneous membranes, the binder must be compatible with the 
pre-cursor ion exchange monomers such that the binder does not interfere with the polymerization 
of the ion exchange monomer or, as a consequence of such polymerization, becomes chemically 
altered with undesirable properties. 

In some filter-press type unit operations, ion exchange membranes are typically interposed 
between adjacent frame members to assist in defining individual chambers or compartments. For 
example, in filter-press type electrodeionization units, ion exchange membranes are interposed 
20 between adjacent frame members or spacers to form separate diluting and concentrating chambers. 
In assembling such units, a plurality of frame members are provided in a parallel manner with ion 
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exchange membranes interposed between the frame members. The resulting structvire is then forced 
together by clamping means with a view to providing a closed, tightly sealed unit. 

Unfortunately, present ion exchange membrane materials do not possess entirely adequate 
sealing characteristics. During prolonged operation of the afore-mentioned unit operations, ion 
5 exchange membrane materials have a tendency to creep, thereby receding from contact with adjacent 
frame members and potentially compromising positive sealing of the unit. Present ion exchange 
membranes also tend to be brittle and prone to tearing or pinhole formation, thereby further 
potentially compromising the sealing of the unit. 

In addition, present ion exchange materials are not particularly suitable for high temperature 
10 applications. As a result, unit operations having ion exchange membranes are unlikely candidates 
for pharmaceutical applications, where the constituent membranes would be exposed to high 
temperatures dxiring cleaning for purposes of disinfection. 

With respect to membrane manufacturing, the prior methods used to make heterogeneous ion 
exchange membranes involved standard equipment for sheet extrusion. This equipment is very 
1 5 common. However, extruding filled materials like heterogeneous ion exchange membranes involves 
special difficulties. Gauge control, gear pump pressure limits and uniformity of dispersion of the 
phases are all special difficulties encountered when extruding the materials in question. Yield rates 
as low as 30% are common. 

20 Summary of Invention 

A heterogeneous ion exchange material is provided comprising an ion exchange resin 
incorporated within a binder, the binder comprising a material selected from the group consisting 

-4- 
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of (i) a Metallocene catalyzed linear low density polyethylene, (ii) a very low density polyethylene 
or ultra low density polyethylene processed using either Ziegler-Natta catalysts or Metallocene 
catalysts, (iii) a thermoplastic elastomeric olefin comprising a polypropylene continuous phase with 
an ethylene-propylene-diene monomer or ethylene-propylene rubber rubbery phase dispersed 
5 through the polypropylene continuous phase, and (iv) a thermoplastic vulcanizate comprising a 
polypropylene continuous phase with an ethylene-propylene-diene monomer, ethylene-propylene 
rubber, nitrile-butadiene rubber, natural rubber or ethylene vinyl acetate rubbery phase dispersed 
through the polypropylene continuous phase. 

In one aspect, the binder is a Metallocene catalyzed linear low density polyethylene. 

10 In another aspect, the binder is a very low density polyethylene or ultra low density 

polyethylene processed using either Ziegler-Natta catalysts or Metallocene catalysts. 

In a further aspect, the binder is a thermoplastic elastomeric olefin comprising a 
polypropylene continuous phase with an ethylene-propylene-diene monomer or ethylene-propylene 
rubber rubbery phase dispersed through the polj^opylene continuous phase. 

1 5 In yet a fiirther aspect, the binder is a thermoplastic vulcanizate comprising a polypropylene 

continuous phase with an ethylene-propylene-diene monomer, ethylene-propylene rubber, nitrile- 
butadiene rubber, natural rubber or ethylene vinyl acetate rubbery phase dispersed through the 
pol3q3ropylene continuous phase. 

A method for manufacturing an ion exchange membrane is also provided using advanced 

20 extrusion techniques, including computer-controlled material feed, computer-controlled automatic 
die thickness adjustment with independently adjustable lip segments and nuclear gauge detection 
with feed-back control. In one aspect, the method comprises the steps of: (i) extruding polymeric 
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material through an auto-die, having a first lip block with a plurality of segments and a second lip 
block, at least one of the first lip block segments spaced from said second lip block, the at least one 
of the first lip block segments disposed at a first position, (ii) measuring a first thickness of the auto- 
die with a sensor, (iii) providing an input signal corresponding to the first thickness to a central 
5 processing unit (CPU), processing the input signal in said CPU by comparing said input signal to 
a setpoint corresponding to a desired thickness, (iv) providing an output signal, and (v) moving the 
at least one first lip block segment to a second position in response to said output signal to change 
the spacing between the at least one first lip block segment and the second lip block. 

10 A method for manufacturing an ion exchange membrane is also provided by injection 

molding. 

Brief Description of Drawings 

The present invention will be better understood with reference to the appended drawings in 

15 which: 

Figure 1 is an illustration of an auto-die; 

Figure 2 is a schematic of a method of manufacturing an ion exchange membrane. 

Detailed Description of the Invention 

20 The composite membrane of the present invention may be employed in various applications, 

including but not limited to, polarity-based chemical separations, such as electrodeionization and 
electrodialysis, electrolysis, fuel cells and batteries, pervaporation, gas separation, dialysis separation 

-6- 
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and industrial electrochemistry, such as chloralkali production and other electrochemical 
applications. 

Heterogeneous ion exchange membranes are provided comprising typical ground ion 
exchange resin such as Rohm and Haas AMBERLITE™ IRl 20 and AMBERLITE™ IRA 402 bound 
5 by a polymeric binder selected from : (i) a Metallocene-catalyzed linear low density polyethylene (M- 
LLDDE), (ii) a very low density polyethylene (VLDPE) or ultra low density polyethylene (ULDPE) 
processed using either Ziegler-Natta catalysts or Metallocene catalysts, (iii) a thermoplastic 
elastomeric olefin comprising a polypropylene continuous phase with an ethylene-propylene-diene 
monomer (EPDM) or ethylene-propylene rubber (EPR) rubbery phase dispersed through the 

1 0 polypropylene continuous phase, and (iv) a thermoplastic vulcanizate comprising a polypropylene 
continuous phase with an EPDM, EBR, nitrile-butadiene rubber (NBR), natural rubber (NR) or 
ethylene vinyl acetate (EVA) rubbery phase dispersed through the polypropylene continuous phase. 
The M-LLDPE can be an ethylene alpha olefin copolymerized using Metallocene catalysts or 
constrained geometry catalysts such as INSIGHT™. The thermoplastic vulcanizate can be AES 

1 5 S ANTOPRENE™ or DSM S ARLINK™ . 

In one embodiment, the thermoplastic based elastomer is an alloy comprising M-LLDPE and 
any of polypropylene (PP), low density polyethylene (LDPE). high density polyethylene (HDPE), 
EDPM (cross-linked, partially cross-linked, or non-cross-linked), EPR (cross-linked, partially cross- 
linked, or non-cross-linked) or EVA, 

20 In another embodiment, the thermoplastic based elastomer is an alloy of VLDPE or ULDPE 

and any of PP, LDPE, HDPE, M-LLDPE, EPDM, (cross-linked, partially cross-linked, or non-cross- 
linked), EPR (cross-linked, partially cross-linked, or non-cross-linked) or EVA. 
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In another embodiment, the thennoplastic based elastomer is an alloy of (i) a thermoplastic 
elastomeric olefin comprising a polypropylene continuous phase with an EPDM or EPR mbbery 
phase dispersed through the polypropylene continuous phase, and (ii) any of LDPE. HDPE, M- 
LLDPE, or linear low density polyethylene (LLDPE). 

In another embodiment, the thennoplastic based elastomer is an alloy of (i) a thermoplastic 
vulcanizatecomprisingapolypropylenecontinuousphasewi^anEPDMEPR,NBR,NRorEVA 

rubbery phase dispersed through thepolypropylene continuous phase, and (ii)anyofLDPE,™^^ 

M-LLDPE, or linear low density polyethylene (LLDPE). 

The heterogeneous ion exchange membrane of the present invention can be manufactured 
with advanced extrusion technology including computer controlled material feed, computer 
controlled automatic die thickness adjustment with independenUy adjustable lip segments and 
nuclear gauge detection with feed-back control. Alternatively, the heterogeneous ion exchange 
membrane of the present invention can be manufactured using injection molding. 

Referring to Figures 1 and 2. in one embodiment, the ion exchange membrane of the present 
invention is manufactured by advanced sheet extrusion technology to manufacture exchange 
membranes. The inventive process involves the use of very accurate nuclear gauge measuring 
instruments feeding back to a control computer that automatically adjusts an "auto-die" 10 (see 
Figurel). Thisauto-diehasafirstlipblockllandasecondlipblockU. The second lip block 14 
is split into many individually adjustable segments or zones 16 for precise gauge control. Other 
extruder parameters and gear pump parameters can also be automatically adjusted. 

Membrane ingredients, including the polymeric binder and the ion exchange resin, are fed 
by an extruder 8 into the auto-die 10 through gate slot 18 in the direction indicated by arrow 11. 
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After exi^ng .he au»<Me 10. U>e cx«uded m«erial is fed «.o>.gh calendaring K,ns 26., 26b for 
flanening and solidifting *e exuded she« and smoodnng surface. Thickness of «>e extmded 
andcalenaaredma.eriaiismeasuredbyan„c..arga„ges^or24. A. Ms toe. fl>e firs, lip block 
12isa.afirs.posi.ion.ThesensorprovidesanelecBicali„p«signalcorresponding«,««.lrickness 

of dre exBuded and c^endared ma«rial ,0 a ce„«ai processing wu, <CPU) 22. He CPU 22 
compares 4e input signal »i*ase.poin. corresponding .oadesired«ucknessofU»«<m.ded and 

cal^rdared maKrial. The CPU 22 Uren provides an ourpu, signal .o one or more of ttre «.nes 16 of 
^ second lip block 14 of *e auUwiie L. In response ,o Uns o-pu. signal. Ure zones .6 are 
«„a«d and n«,ve relaUve ,o U» firs, lip block 12 ftom a frs. position .« a s«=ond po^,ion in d.. 
direction indica^d by arrows 20. hereby adjusting tire spacing b«»een Ure zone or zones ,6 and 
tire arst lip block 12 and achieving toe desired spacing . 

A s«=ond embodimen. of tire invention involves 4. ir^ection molding of ion exchange 
membranes. This redu^ tire production cos. and furtirer ensures dimensional consis«ncy and 
ade,ua«phas.dispersion..niec.ionmoldingeasesti.eproc.ssingofb«,eflcialbinderma«ri.lsti«. 

ma, no. be ideally sui«d «, exmrsion witi. a fiUer marerial such as ion exchange resin particles. 

I, will be undersuiod. of co»se, ti«. modification can be made in tire embodiment of .he 
inven.ion described herein»iti>ou.depar.ingfion,*escopeandpurviewofti.einventionasdefmed 

by the appended claims. 
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We claim: 



A heterogeneous ion exchange material Avhich comprises an ion exchange resin incorporated 
within a binder, the binder comprising a material selected from the group consisting of (i) 
aMetaUocenecatalyzedlinearlowdensitypolyethylene,(ii)averylowdensity polyethylene 

or ultra low density polyethylene processed using either Ziegler-Natta catalysts or 
Metallocene catalysts, (iii) a thermoplastic elastomeric olefin comprising a polypropylene 
continuous phase with an ethylene-propylene-diene monomer or ethylene-propylene rubber 
rubbery phase dispersed through the polypropylene continuous phase, and (iv) a 
thermoplastic vulcanizate comprising a polypropylene continuous phase with an ethylene- 
propyleneldiene monomer, ethylene-propylene rubber, nitrile-butadiene rubber, natural 
rubber or ethylene vinyl acetate rubbery phase dispersed through the polypropylene 
continuous phase. 

The heterogeneous ion exchange material of claim 1 wherein the binder is a Metallocene 
catalyzed linear low density polyethylene. 

The heterogeneous ion exchange material of claim 1 wherein the binder is a very low 
density polyethylene or ultra low density polyethylene processed using either Ziegler-Natta 
catalysts or Metallocene catalysts. 
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polypropylene continuous phase. 

^c».za«oo„pHs>«..po,,p™py.ne— -P'--'*-"^^'—''^^^^ 

_ "^"^ °' 

n^r, ^ dispe^d «™u^ U,. P»>yP"Py'- — 



^ .e^oa fo. ..nufa^ an ioa ^change .en..^ -^S advaaoe. ex».>oo 

^e>.e.adi.un««v..hia.cP^denU.a.J^>cUp.e^«n«a„a„uc>ea.sa.g=~ 

with feed-back control. 

techniques, comprising the Steps of: 

,_..,po.^...n,.»Ha.*.usKana«o-.ie.,.vi„.a««Up..o^wi.ap.^«,o. 
,^e„. ^ a s^ond Up MoO. a. .eas. one o, said «rs. Up Mo^ spaced .o. 

position; 

measuring a first thickne^ of the auto-die with a sensor; 

-11- 
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p^vidtog an inpu, s,gna> «,rr«pondi»g ,0 said frs. Ihickncss u, a CPU; 
p„.«s.s S.M >np« .sn. >n CPU W eo^P-Hn, s.d .„p« si^ «> » 

corresponding to a desired thickness; 

providing an output signal; and 

„o^3a>d..ea3.o„e«.U>p.oo.se^».----°----'°- 
„„,..^»c^-^P-B.-een..daU=a.o.«.UpH«...n>».a„dsa.d 

second Up block. 

. method fo, . - '"'■^ 
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